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 To which extend can the scattering data tells us  
    about the actual existence of a resonance?           

Basic Question 



  Resonances should be associated with the poles of the scattering 
amplitude in the complex energy-plane.  

The threshold of a given MN channel is a branch point which leads to different Riemann sheets 

        For a stable MN channel, the branch point is located on the real axis and leads to two Riemann sheets. 
         For an unstable MN channel, the branch point is in the complex plane (complex branch point) . 

The poles can be located on all sheets.  Depending on the sheet, their influence on the 
  amplitude on the real (or physical) axis are different.  For stable MN channels, poles located on 
  the: 
       First (physical) sheet wrt the MN channel are bound states wrt that channel. 

        Second (unphysical) sheet wrt the MN channel with their real parts below threshold are virtual states. 

        Second (unphysical) sheet wrt the MN channel with their real parts above threshold are resonances. 

        Higher (unphysical) sheets can also influence the amplitude on the physical axis. 

        For unstable MN channels (σN,ρN,πΔ), resonances are in the second sheet wrt ππN threshold.   



2111: unphysical wrt πN, physical wrt others 

2211: unphysical wrt πN&ηN physical wrt KΛ&ΚΣ 
1 → G(1)(z) 
2 → G(2)(z) 

Notation: 
e.g. 

——  Re[T]=0 
- - - -  Im[T]=0 
red line: part of the physical 
axis directly connected to 
the respective sheet. 



Re[S11]  πN ampl. 

---- hidden N*(1535) & N*(1650) 
— i=2211,2221 ;  j=poles 



Re[S11]  πN ampl. 
…. virtual state on  sheet 2111 
---- hidden N*(1535) & N*(1650) 
— i=2211,2221 ;  j=poles 



δT = analytic continuation of Im[T] 



 To which extend can the scattering data tells us about the actual 
            existence of a resonance predicted by a model?           

This question has an immediate consequence on baryon spectroscopy!          

 physical amplitudes are on the real axis  
 resonances live in the complex energy-plane   requires a model ! 

























   The existence of a resonance corresponding to a clear structure in the 
    partial-wave amplitude is practically model-independent. Others are 
    model-dependent. 
          Resonance mass values of those corresponding to clear resonance structures are 
            fairly model-independent and do not require a very high-precision fit of the 
            amplitude. The widths, however, are more sensitive to particular models. 

   A resonance whose existence is model-dependent, should be looked 
    for in channels where they exhibit a clear structure in the    
    corresponding partial-wave amplitude.  
    This implies that coupled-channels analyses are crucial for   
    establishing the existence of those resonances.  



     1) A predicted resonance within a given model should be checked 
         whether or not it corresponds to a clear structure in the 
         corresponding partial-wave amplitude from that model.  If yes, it 
         should be confirmed by other independent models, i.e., the other 
         models should also predict this resonance and it should also 
         correspond to a clear structure in the partial-wave amplitude from 
         those models. 

     2) For a predicted resonance not corresponding to a clear structure in 
         the partial-wave amplitude in a given MN channel, it should be 
         looked for in other channels where a clear structure can be found.     



The End 


